Experiments were designed to test two hypotheses. The 
Introduction
Ultraviolet (UV) irradiation of the nucleus of oocytes provides a simple means of non-invasive enucleation for future cloning programmes provided that the presence of damaged maternal DNA in the resulting cytoplasts does not interfere with subsequent cell cycle progression. In testing this proposition in bovine oocytes, Bradshaw et ah (1995) demonstrated that accurately focused short wavelength UV light effectively destroyed chromosomal function without causing cytoplasmic damage as occurs after irradiation of the entire cell. However, after irradiation of the second metaphase plate in bovine oocytes, maturation-promoting factor (MPF) kinase degradation and pronuclear formation were compromised. The experiments in the present study are based on preliminary observations indicating that, in contrast to bovine oocytes, pronuclear formation in pig oocytes is not compromised after UV irradiation. The objective of the present study was to extend these preliminary observations by determining the effect of short wavelength UV light on chromatin organization and cell cycle progression in pig oocytes. In addition to determining the UV sensitivity of pig oocytes, the experiments were also designed to contribute to the long-term aim of improving enucleation procedures in mammalian eggs.
After escape from the extended G2-phase block, mam¬ malian oocytes progress to metaphase II, in which the meiotic cycle is subjected to a second period of arrest. Paradoxically, the presence of high concentrations of active cyclin-dependent kinase (referred to in oocytes as MPF kinase) is required both for escape from the first meiotic cycle block at the germinal vesicle (GV) stage and also for induction of the second period of arrest at metaphase II. Exit from metaphase II arrest and entry into the first mitotic cycle is initiated by a marked decrease in MPF kinase activity induced by sperm penetration, which in turn increases intracellular calcium and induces ubiquitin-mediated cyclin degradation (Glotzer et ah, 1991) . In a study of bovine oocytes, Bradshaw et ah (1995) showed that early events in the metaphase II to anaphase II transition are interrupted by irradiation. Although sperm penetration and decondensation occurred normally, the subsequent degradation of cyclin and the decrease in MPF kinase did not occur in bovine oocytes subjected to UV irradiation. The resulting inhibition of meiosis is paralleled in somatic cells in which UV irradiation also induces cell cycle arrest (Devary et ah, 1992; Dhanwada et ah, 1995) . However, detailed studies on somatic cells revealed that irradiation-induced arrest occurs at a number of different points in the mitotic cell cycle (Terada et ah, 1995) . In general, these forms of mitotic cycle inhibition are closely associated with mechanisms of DNA repair (Carrier et ah, 1994) . The specific points of arrest are invariably correlated with well established mitotic checkpoints, the function of which is to delay or prevent either DNA replication or chromatid segregation in cells containing damaged DNA (see Hartwell and Weinert, 1989; Murray, 1993) . It is during the period of enforced delay that the repair mechanisms within the nucleus operate to correct the DNA lesions or, failing that, to redirect the cell into an apoptotic pathway (Enoch and Norbury, 1995) . There is evidence that the checkpoint control mechanisms in oocytes, and hence the response of these cells to DNA damage, may differ from those in somatic cells (Fulka et ah, 1994) . These differences probably reflect the unique nature of the meiotic cycle (see Bradshaw et ah, 1995) (Fulka and Moor, 1993) and centrifugation (Tatham et ah, 1995) . UV irradiation has been suggested both as a method for the full functional enucleation of oocytes (Yang et ah, 1990) and for the production of gynogenic oocytes by inactivating sperm DNA (Guo et ah, 1993) . Although focused UV irradiation effectively inactivates the DNA in bovine oocytes with minimal damage to the cytoplasm, its usefulness in that species is limited because of the concomitant arrest of cell cycle progression (Bradshaw et ah, 1995 (Mattioli et ah, 1988 Tables 1 and 2 ). Thereafter, eggs and embryos were prepared for morphological or chemical analysis.
UV irradiation
The irradiation protocols were as described Bradshaw ef ah (1995 
Morphological analysis
In the first experiment (see Table 1 ), both UV-irradiated and control oocytes were activated at 48 h and then cultured for a further 8 h before fixation to analyse pronuclear formation and chromatin cytology. In the second experiment ( (Miyano et ah, 1996 (Laemmli, 1970) (Fig. la) . In contrast, metaphase plate organization remained intact over the same period in all the control non-irradiated oocytes (Fig. lb) . After demonstrating that 254 nm UV irradiation induces rapid hypercondensation and chromatin clumping in a similar manner to that in bovine oocytes (Bradshaw et ah, 1995) Fig. lc ). In contrast, in controls, two pronuclei arising from failure of second polar body extrusion were observed in less than 10% of eggs (Fig. Id) . In addition to the effects on gross pronuclear structure outlined earlier, defects were also observed in the chromatin component within the pronuclei (Table 1 ). In the irradiated group of pronucleate eggs, almost 40% (11/29) displayed chromatin defects, which included hyper¬ condensation, DNA strand breaks and chromosome dispersal (see Fig. lc,e) . In contrast, almost no chromatin abnormalities (Fig. If) (Fig. 2) . As expected from the HI kinase data presented above, B-type cyclin degradation and hyperphosphorylation of the p34cdc catalytic subunit were observed after activation in both irradiated and control pig oocytes (data not shown).
Early mitotic progression
The final series of experiments tested the hypothesis that mitotic cleavage is blocked by the presence of damaged DNA. The results indicate that the effects of irradiation may be to retard rather than to block mitosis (Table 2) . A total of 41% of control parthenogenetic eggs had undergone cleavage to the two-cell stage at 24 h after activation. Although there was some progression to the four-cell stage in control groups cultured for 48 or 72 h, the total number of cleaved eggs remained relatively constant at about 40%. In contrast, cleavage had not occurred in the irradiated oocytes at 24 h after activation. Irradiated groups examined at 48 or 72 h after activation were similar to controls: approximately 40% had undergone cleavage, indicating that the delay at 24 h was transient. The morphology of cleaved irradiated oocytes was interesting, as in addition to nucleated blasto¬ meres, a number of micronuclei were also often observed in these eggs (Fig. 3) .
Discussion
The results of this study provide information on the effect of focused nuclear irradiation on meiotic progression in pig oocytes. Firstly, the results indicate that short wavelength (254 nm) UV comparison of the function of inner nuclear membrane proteins (Peter et ah, 1990) (Masui and Pedersen, 1975) and to temporary arrest of the cell cycle in many somatic cells to allow repair of the damaged DNA (Hartwell and Weinert, 1989; Herzinger et ah, 1995) . Although growing oocytes have the ability to repair DNA damage (Ashwood-Smith and Edwards, 1996) , this function is reduced or absent during maturation (Masui and Pedersen, 1975) . Even though focused UV irradiation causes severe damage to genomic DNA it is probable that most mitochondrial DNA and stored mRNA escapes damage. This conclusion is based on the fact that similar numbers of irradiated and control pig eggs underwent cleavage to the four-cell stage in the present study. Furthermore, pig eggs are entirely dependent upon stored maternal mRNA for support during this period (Jarrell et ah, 1991) . In the present study, cleavage of parthenotes did not proceed beyond the four-cell stage in both groups, probably due to both the activation procedure and the culture conditions, which can affect parthenogenetic activation rates (Hagen et ah, 1991; Funahashi et ah, 1994; Chian and Sirard, 1995) . Until normal young are produced, the possibility that irradiation and the presence of damaged DNA has some adverse effects on cleavage at later stages of development cannot be ruled out. Indeed, Guo et ah (1993) reported that the introduction of damaged DNA into Pacific oyster oocytes led to lower rates of development. Similarly, in a study on rabbit eggs, Yang et ah (1990) 
